


2 
 

High Occupancy Vehicle (HOV) System Analysis 
Tools: Statewide HOV Facility Performance Analysis 

 
 

- Final Report – 
 

Federal Report No.: CA13-1665 

University of California Report No.: UCB-0323 

 
Prepared for: 

California Department of Transportation 

Division of Research, Innovation, and System Information (DRISI) 
 

Prepared By: 

Kitae Jang, Ching-Yao Chan, and Yao-Qiong Du 

California PATH, University of California Berkeley 
 

Lianyu Chu, Ming-Hsun Yang, and Will Recker 

Institute of Transportation Studies (ITS), University of California Irvine 

 

 

December 31, 2012 

  



3 
 

DISCLAIMER STATEMENT 
 

This document is disseminated in the interest of information exchange. The contents of 
this report reflect the views of the authors who are responsible for the facts and 
accuracy of the data presented herein. The contents do not necessarily reflect the 
official views or policies of the State of California or the Federal Highway Administration. 
This publication does not constitute a standard, specification or regulation. This report 
does not constitute an endorsement by the Department of any product described herein. 

 
For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette, or compact disk. To obtain a copy of this document in one of these 
alternate formats, please contact: the Division of Research and Innovation, MS-83, 
California Department of Transportation, P.O. Box 942873, Sacramento, CA 94273-
0001. 
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2. Project Objectives 
 

HOV lanes have been regarded as a cost-effective and environmentally-friendly option to move 

travelers through congested routes.  HOV facilities increase the total number of people moved 

through congested corridors by offering two travel incentives: travel time savings, and travel 

time reliability.   Because HOV lanes carry vehicles with more occupants they move many more 

people during congested periods, even if the number of vehicles in the HOV lane is less than the 

number in the adjoining general purpose lanes. In general, carpoolers, vanpoolers, and bus 

patrons are the primary beneficiaries of HOV lanes. 

This project focuses on the performance of California high occupancy vehicle (HOV) facilities 

performance in light of operational policies and access configurations.  Specifically, we seek an 

understanding of the effects of HOV lane access control and operational policies on HOV facility 

performance.   

Caltrans is currently considering the reconfiguration of the HOV lane system from full-time 

buffer-separated to full/part-time continuous-access. Before this is done, they must understand 

the potential benefits of both types of operation for system safety and operations.  A recent study 

sponsored by Caltrans to investigate the safety of California freeways with HOV facilities 

provides some insight. Notably, the safety of the buffer-separated, limited-access HOV lanes 

typically seen in Southern California appeared to be no greater than the safety of the continuous-

access limited-hour HOV lanes in Northern California (Jang, 2009). This is contrary to the 

common belief that buffer separation and restricted access provide additional protection for 

traffic in the HOV lanes. This project looks at whether or not a continuous-access HOV facility 

provides better operational performance than a buffer-separated facility. 

This report summarizes our research, which was jointly undertaken by research teams from the 

University of California Berkeley (UCB) and the University of California Irvine (UCI).  Part I 

focuses on system wide data analysis and Part II provides before-and-after comparisons.   
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3. Technical Approach 
 

The approach taken in this report is to determine a set of performance measures that can be used 

to properly evaluate  HOV performance by computing performance measures for various HOV 

system scales (district-level, corridor-level, and section-level) and comparing performance 

between different types of HOV facilities. The following sections outline the methodologies and 

calculations of performance measures adopted in the study. 

3.1 List of Study Sites 

To evaluate the performance of HOV facilities, the report uses real-world data and analyzes the 

performance of HOV facilities in a wide range of corridors (see Table 1).  Figure 2 shows the 

geographic locations of these corridors.  The corridors for this study were recommended by a 

Caltrans Technical Advisory Group (TAG) based on the group’s familiarity with HOV facilities 

in their respective regions. In this report, we define a corridor as: a unidirectional freeway 

segment with its accompanying HOV lanes. Taking into consideration potential differences in 

directional traffic phenomena and geometric attributes, a corridor in our study is comprised of 

only one direction of a freeway segment with the associated ramps and HOV lanes. 
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Figure 2. Study Corridors
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Table 1. List of Study Corridors  

HOV Type District County Corridor Direction 

Study 

Boundaries 

(CA PM) 

Operation Hours 

Full-Time 
Continuous

-access 

12 ORA SR-22 Both (E&W) 1.1-12.0 24 Hours, All Days 

12 ORA SR-55 Both (N&S) 12.0-18.0 24 Hours, All Days 

Full-time 
Buffer-

separated 

7 LA I-105 West 2.6-16.8 24 Hours, All Days 
7 LA I-105 East 1.2-16.9 24 Hours, All Days 
7 LA I-210 East 24.8-39.6 24 Hours, All Days 
7 LA I-405 South 12.9-22.2 24 Hours, All Days 
12 ORA I-405 South 24.178-0.230E 24 Hours, All Days 
12 ORA I-5 North 7-29 24 Hours, All Days 
12 ORA I-405 North 0.230E-24.178 24 Hours, All Days 
12 ORA I-5S South 7.0-29.0 24 Hours, All Days 
12 ORA SR-55 North 6.0-12.0 24 Hours, All Days 
12 ORA SR-57 South 11.1-R22.6 24 Hours, All Days 

Part-time 
Buffer-

separated 

7 LA SR-14 North 25.0- 43.3 5-9 AM, Weekdays 

7 LA SR-14 South 25.0- 43.3 3-7 PM, Weekdays 

Part-time 
Continuous

-access 

4 ALA I-80 West 0.0-9.8 5-10 AM & 3-7 PM, 
Weekdays 

4 SCL US101 North 18.0-52.5 5-9 AM & 3-7 PM, 
Weekdays 

4 ALA I-80 East 0.0-10.0 5-10 AM & 3-7 PM, 
Weekdays 

4 SCL US101 South 18.1- 52.5 5-9 AM & 3-7 PM, 
Weekdays 

4 CC I-680 North 0.0-11.4 5-9 AM & 3-7 PM, 
Weekdays 

4 CC I-680 South 0.0-11.9 5-9 AM & 3-7 PM, 
Weekdays 

4 ALA I-880 North 0.0-19.8 5-9 AM & 3-7 PM, 
Weekdays 
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3.2 Candidate Performance Measures 

A freeway corridor with an HOV facility may have a variety of traffic and geometric attributes. 

At the same time, the performance of HOV systems can be evaluated from a number of key 

aspects.  To address the primary objective of the current study, we first explored an extensive list 

of performance measures for analysis of HOV operations.  The list was reviewed and established 

with input from the Caltrans TAG.  The broad list of freeway corridor performance measures 

was then reduced to a selective list of key measures for use in detailed data analysis. 

3.2.1 Measures of Freeway Performance Measures 

Table 2 presents a list of all the performance measures reviewed in this study. Provided below 

are the detailed performance measures items that can be used, under each category, for an in-

depth analysis of the HOV facilities. 

Mobility 

 VMT = segment length × traffic flow 

 VMT (GP) = segment length × traffic flow in GP  

 VMT (HOV) = segment length × traffic flow in HOV 

 VHT = TT GP × traffic flow in GP + TT HOV × traffic flow in HOV 

 VHT (GP) = TT GP × traffic flow in GP 

 VHT (HOV) = TT HOV × traffic flow in HOV 

 Travel time relative to TT at 65mph = TT – segment length / 65mph 

 Travel time relative to TT at 35mph = TT – segment length / 35mph 

 Person throughput = traffic flow in GP × Vcc in GP + traffic flow in HOV × Vcc in HOV  

 Person throughput (GP) = traffic flow in GP × Vcc in GP 

 Person throughput (HOV) = traffic flow in HOV × Vcc in HOV 

 Headway (GP) = 300 / traffic flow in GP (flow data are aggregated in 5-min or 300 sec) 

 Headway (GP Left) = 300 / traffic flow in GP left lane (GP left lane is the GP lane adjacent 

to HOV lane) 

 Headway (HOV) = 300 / traffic flow in HOV 

 Density (GP) = number of vehicles in GP / number of lanes in GP / segment length 
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 Density (GP Left) = number of vehicles in GP left / segment length 

 Density (HOV) = number of vehicles in HOV / segment length 

Table 2. List of Performance Measures  

Category Performance Measure 

Mobility 

VMT (at both system and lane level) 

VHT (at both system and lane level) 

Travel time delay (when compared to free-flowing conditions such as 65 

MPH free-flowing conditions and when compared to congested states such 

as 35 MPH) 

Person throughput on HOV/GP lane(s) 

Vehicle throughput on HOV/GP lane(s) 

Vehicle density on HOV/GP lane(s) 

Vehicle headway on HOV/GP lane(s) 

Reliability 

Travel time statistics on HOV/GP lane(s) 

Absolute/relative travel time saving using HOV lane compared to GP lanes 

Travel speed statistics on HOV/GP lane(s) 

Travel speed differential between HOV/GP lane(s) 

Travel speed variation on HOV/GP lane(s) with time and space 

Productivity 

Level of service on HOV/GP lane(s) 

Presence of bottlenecks 

Duration and impact of bottlenecks 

Potential causes of bottlenecks 

Facility utilization on HOV/GP lane(s) 

Maneuverability 
Lane changing frequency between HOV and GP lanes 

Access types, barrier types 

Conformance 

Passenger occupancy rate on HOV/GP lanes 

HOV passenger occupancy violation rate 

Percent of HOV vehicles on HOV lanes 

Percent of HOV vehicles on GP lanes 
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Reliability 

 TT (GP) = segment length / Speed in GP 

 TT (HOV) = segment length / Speed in HOV 

 Absolute TT Saving = TT (GP) – TT (HOV) 

 Relative TT Saving = (TT (GP) – TT (HOV)) / TT (GP) 

 Speed (GP) = f (traffic flow (GP), detector occupancy (GP))  

Where f () represents a certain functional relationship.  Detector occupancy here is defined as 

the percentage of time that the detection zone of the instrument is occupied by a vehicle and 

is a measure of density. 

 Speed (GP left) = f (traffic flow (GP left), detector occupancy (GP left)) 

 Speed (HOV) = f (traffic flow (HOV), detector occupancy (HOV)) 

 Speed Differential = Speed (HOV) – Speed (GP left) 

 Speed Variation = Visualized from the Speed Contour Diagram 

Productivity 

 LOS (GP) = f (Speed GP) or f (Density GP) 

 LOS (HOV) = f (Speed HOV) or f (Density HOV) 

 Demand Volume GP 

 Demand Volume HOV 

 Presence of bottleneck = [Yes, No] 

 Bottleneck Cause = 1 if HOV lane changing is related (may be caused by other factors 

simultaneously), 0 otherwise 

 Bottleneck Duration = Percentage in time when the speed is under a certain threshold  

 

Maneuverability 

 Lane Changing Frequency = number of lane changing / (segment length × traffic flow) (unit: 

event per vehicle-mile) 

 Qualitative ease of lane-changing due to presence or non-presence of separations or barriers 

Conformance 
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 Vcc GP = obtained from Caltrans HOV Annual Report 

 Vcc HOV = obtained from Caltrans HOV Annual Report 

 HOV violation rates = obtained from Caltrans HOV Annual Report 

 % of HOVs  = (traffic flow in GP × % of HOV in GP + traffic flow in HOV × % of HOV in 

HOV) / (traffic flow in GP + traffic flow in HOV) 

3.2.2 Specific Performance Measures for HOV Operations 

Table 2 presents an extensive list of performance measures commonly used to evaluate the 

performance of freeway facilities.  However, these measures are not necessarily tailored for 

comparing performance between the two access types, which is the intent of this study.  In this 

section, we will pare this list down to a few measures that are most representative and allow 

system-level comparisons.  The selection of measures is based on the following considerations: 

1) The use of a large number of performance measures within the broad list in Table 2 

makes it challenging to control some exposure variables.  

2) Parameters such as speed, VMT and PMT are basic and representative factors to directly 

describe performance. These measures are independent by site and comparable for 

different HOV types.  

3) The operational performance of both HOV and GP lanes are intertwined, thus the 

evaluation should allow the identification of situations when GP traffic conditions have a 

meaningful impact on HOV operations. For example, as will be explained in a later 

section, the performance comparison is considered most significant when the GP lanes 

are operating below 45 mph. 

4) Due to the nature of heterogeneous travel patterns across corridors, it is important to 

investigate HOV operational performance at the system level as well at the corridor level. 

5) Previous research has studied various aspects of HOV safety, including accident ratio and 

incident impact. This study focus on other aspects of performance. 

Based on these considerations, we selected three focused, representative and comparable 

performance measures for our study.  They are defined and explained below.  
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Table 3. Methodology Summary by Research Group 

Research  
Group 

UC Berkeley UC  Irvine UC Riverside 

Study  Site District 4,7,12 SR-55, SR-57 in District 
12 

District 8 

Data 
Sampling 

Filtered data when 
general purpose 
lanes are operating 
below 45 mph 

Data in HOV operation 
hours 

Data in HOV operation 
hours 

Real-World 
Data 
Analysis 

Corridor  
 Recurrent 

bottlenecks 
 Speed-flow 

joint 
probability  

A GP Lane 
Congested 

 Speed/ 
Flow 

 Speed 
Differential  

 VMT/PMT 
 VMT/PMT 

Ratio 
 Statistical 

Weaving Analysis 
 

Before and After 
Comparison 

 Traffic flow 
fundamental 
diagram 

 Critical Detector 
Occupancy / 
Critical Flow 

 Free Flow Speed / 
Shockwave Speed 

 Speed contour map 
 Demand flows 
 HOV lane changing 

rate 
 HOV violation rate 

Corridor 
 AVO /ratio 
 HOV violation rate 
 Proportion of 

carpool/ HOVL 
carpool 

 Recurrent 
bottlenecks 

 Q and identification 
of peak hour 

 VMT /PMT ratio  
 HOVL-MFL joint 

LOS matrix  
 Speed difference 

vs. density 
 Speed-flow joint 

probability  
Statistical Modeling 
(D4,7,8,12) 

 Capacity  
Simulation   Existing Paramics model 

(SR 57) 
 Speed/Flow/ 

Density difference 
 Number of lane 

changes 

Existing Paramics model 
(SR-91 I-15) 

 Q 

 Video    Lane change 
 Intensity 
 Gap Distribution 

 

This chapter described research technical approach, list of study sites, list of performance 

measures, and data sources. The overall operation of study sites will be analyzed in following 

chapter.  
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4. General Evaluation of Study-Site Corridor Performance 
 

In this section, we provide an overall evaluation of operational characteristics for the corridors 

included in the current study. This preliminary evaluation is necessary, prior to in-depth 

calculation of key HOV performance measures, to help us understand the traffic patterns on 

these corridors and to build a foundation for sound and objective interpretation of the final 

analysis.   

4.1 Bottleneck and Congestion Analysis 

To understand the spatio-temporal extents of congestion, speed contours were plotted.  Contour 

plots shown in Appendix A are average speeds of weekdays in the 3rd quarter (from July to 

September) of 2009. Even if the demand of the 3rd quarter is higher than that in other times, the 

contour plot still represents the bottleneck location and relationship between the HOV and GP 

lanes. The contours were plotted in the PeMS website. Plots for all the corridors in Table 1 are 

provided in Appendix A. This section summarizes the findings from the contour plots.  

 Accuracy of identifying bottleneck locations depends on the quality and quantity of loop 

detectors such as location, density, conditions, etc.  Since a contour has a time dimension, 

temporal patterns of congestion can be explored. 

 Demand exceeding capacity is the primary cause of congestion, but there are also some 

secondary causes for congestion in some corridors such as merging, diverging, weaving, 

etc. 

 Congestion patterns are often different across corridors. 

 Preliminary investigation of traffic conditions in HOV lanes, coupled with speed 

contours, indicates that degradation in HOV lanes is generally associated with congestion 

in the GP lanes, 

4.2 Speed-Flow Probability Histogram Analysis   

In this section, overall operating conditions in the HOV and GP lanes are measured with two 

traffic parameters – flow and speed:  





36 

rate higher than 800 vehicles per hour or 1800 persons per hour given in the HOV 

guidelines. 

4) In all three districts, there is significant congestion in both the HOV and GP lanes (shown

as the grey color in low speed regimes). However, more samples from the GP lanes are

plagued by congestion.

5) When comparing districts, it is apparent that the difference in speed between the HOV

and GP lanes is higher in District 4 than other districts.  However, this observation may

be skewed because samples from District 4 were primarily collected from peak hours

when the HOV facility is in operation while samples from other districts represent all 

operational hours including peak and non-peak hours. The peak hours in individual 

corridors may vary; therefore these figures are provided to show overall flow-speed

patterns and are not meant for direct performance comparison.
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(b) GP lane 
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Figure 6. Probability density of speed-flow for District 4: (a) HOV lane, (b) GP lane (All 
routes) 
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Figure 7• Probability density of speed-flow for District 7: (a) HOV lane, (b) GP lane (All 
routes) 
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Figure 8• Probability density of speed-flow for District 12: (a) HOV lane, (b) GP lane (All 
routes) 

The third finding again emphasizes the importance of taking congestion into consideration when 

computing the performance measures. Hence, only samples collected when the GP lane speed is 

below 45 mph (marked by the red dotted line) were used to compute performance measures.  

Table 4 provides the summary statistics of selected samples.  Samples from congestion are the 

number of samples when the GP lane speed was below 45 mph. Total samples = number of 

weekdays3 x operation hours4 x number of detectors. The percentage of samples from congestion 

equals samples from congestion divided by total samples.  

 

                                                 
3 Total number of weekdays in this study is 131 days (from March 1st, 2009 to Oct. 31st, 2009) 
4 Each hour has 12 5-min samples. Operation hours for full-time facilities are 16 hours (from 5AM to 9PM). 
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Table 4. Summary statistics of samples from speed in the GP lane below 45 mph 

District Route  Samples from 
Congestion Total Samples  % of Samples 

from Congestion 

4 

I-80W 119,837 384,912 31.13% 
I-80E 110,551 399,168 27.70% 

I-680N 30,097 392,832 7.66% 
I-680S 12,813 405,504 3.16% 
I-880N 83,825 468,864 17.88% 

SR-101N 29,518 468,864 6.30% 
SR-101S 55,497 468,864 11.84% 

Total 442,138 2,989,008 14.80% 

7 

I-105E 136,863 811,008 16.88% 
I-105W 87,781 811,008 10.82% 
I-210E 99,254 532,224 18.65% 
I-405S 87,192 506,880 17.20% 

SR-14N 3,264 50,688 6.44% 
SR-14S 6,435 57,024 11.28% 
Total 420,789 2,768,832 15.20% 

12 

I-5N 60,105 1,089,792 5.52% 
I-5S 48,016 1,013,760 4.74% 

I-405N 126,548 1,343,232 9.42% 
I-405S 109,098 1,368,576 7.97% 

SR-22E 58,172 836,352 6.96% 
SR-22W 19,567 734,976 2.66% 
SR-55N 4,184 228,096 1.83% 

SR-55N_Con 49,612 380,160 13.05% 
SR-55S 9,576 228,096 4.20% 
SR-57S 65,369 633,600 10.32% 
Total 550,247 7,856,640 7.0% 

This chapter discussed the overall performance of HOV facilities. The performance by district, 

by corridor, and by access type will be presented in the next chapter. 
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5. Performance Measures 
 

This section presents the analysis of performance measures that have been chosen to represent 

the comparisons of HOV operations: speed differential, VMT, and PMT. Outcomes of our data 

analysis are displayed in box plots (also known as box-and-whisker plots). The plots provide a 

convenient way of graphically depicting groups of numerical data with five summary statistics: 

minimum of samples, lower quartile (25th percentile), median of samples, upper quartile (75th 

percentile), and maximum of samples (See Figure 9). These plots display distribution of samples 

in a non-parametric fashion. 

Category

Values
Maximum

25 Percentile

Median
(50 Percentile)

75 Percentile

Minimum

 

Figure 9. Hypothetical Box Plots 

In the following sections, we present computed performance measures in box plots for different 

categorizations. Note that the samples used are only from the GP lane speed below 45 mph.  The 

detailed results of this analysis for each corridor in individual districts are provided in 

Appendices E, F, and G.  The following sections offer a summary of the analysis. 

5.1 Comparison by District 

This section aggregates samples by district-level and computes speed, flow, speed differential, 

VMT ratio and PMT ratio. When comparing data by district level, performance measures are 

fairly similar for all three districts. 
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5.1.1 Speed 

In all three districts, median travel speed in the HOV lanes was between 40 and 50 mph (See 

Figure 10) when GP lane speed was below 45 mph while the median of GP lane speed was about 

30 mph (See Figure 11). This shows that, when the GP lane was congested, HOV lanes could 

provide a 10~20 mph speed benefit to HOV lane travelers.  
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Figure 11. GP Lane Speed (by District) 
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5.1.2 Flow 

In all three districts, median flow in HOV lanes was between 1100 and 1300 vph (See Figure 12) 

while the median of GP lane flow was between 1300 and 1500 vph when GP lane speed was 

below 45 mph (See Figure 13). Generally speaking, vehicle flow counts in HOV lanes were 

lower than GP lanes.   

It should be noted, however, that there may be exceptions to the observation of lower flows in 

the HOV lanes.  For example, in reviewing 2009 and 2010 HOV reports from District 7, at 

several detector stations the vehicle flow was greater on HOV lanes during certain rush hours.   
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Figure 12. HOV Lane Flow (by District)
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Figure 13. GP Lane Flow (by District)

5.1.3 Speed Differential 

At the district-level, vehicle speeds in the HOV lanes were faster than average speeds across GP 

lanes for more than 75% of the examined samples in all three districts (See Figure 14).  
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Figure 14. Speed Differential (by District) 
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5.1.4 VMT Ratio 

At the district-level, about 75% of VMT ratios (representing the relative level of utilization by 

vehicles to average across GP lanes) in all three districts were below 1, meaning that a HOV lane 

serves fewer vehicle-miles traveled than a GP lane (See Figure 15).  
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Figure 15. VMT Ratio (by District) 

5.1.5 PMT Ratio 

At the district-level, more than 75% of PMT ratios (representing relative level of utilization by 

people-miles to average across GP lanes) in all three districts were above 1, meaning that a HOV 

lane serves more person-miles traveled than a GP lane (See Figure 16).  The occupancy 

requirement of I-80 eastbound and westbound (two out of 7 corridors) is 3 or more, which 

increases PMT in the HOV lane for District 4.  For comparison of PMT for individual corridors,  

see the next section.  
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Figure 16. PMT ratio (by District)

5.2 Comparison by Corridor 

This section breaks down district-level samples into corridors and computes speed, flow, speed 

differential, VMT ratio and PMT ratio.   

5.2.1 District 4 

 Speed

Median speeds in the HOV lanes are between 40 and 60 mph while those in the GP lanes are 

between 20 and 40 mph, indicating that, when GP lanes are slow, HOV lanes provide faster 

speed by about 20 mph. (Figure 17 and Figure 18) 
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Figure 17. HOV Lane Speed (by Corridor, D4)
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Figure 18. GP Lane Speed (by Corridor, D4)

 Flow

Flows in HOV lanes vary across routes.  Comparing HOV lane flows to GP-lane flows indicates 

that GP lane flows are higher. (Figure 19 and Figure 20) 

0

500

1000

1500

2000

2500

3000

I-80E I-80W I-680N I-680S I-880N SR-101N SR-101S

Fl
ow

 (v
ph

)

Figure 19. HOV Lane Flow (by Corridor, D4)  
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Figure 20. GP Lane Flow (by corridor, D4) 

 Speed Differential

At the corridor-level, vehicle speeds in the HOV lanes were faster than average speeds across GP 

lanes for more than 75% of the examined samples in all corridors in District 4. (Figure 21) 
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At the corridor-level, about 75% of VMT ratios in all corridors, except SR-101S, were below 1; 

which means that a HOV lane serves fewer vehicle-miles traveled than a GP lane (Figure 22).  

At SR-101S, the red line traverses the middle of the box with 50% of samples  below 1 and the 

remaining 50% above 1, indicating that the HOV lane serves as many VMT as a GP lane. 
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Figure 22. VMT Ratio (by Corridor, District 4) 

 PMT Ratio

At the corridor-level, all the corridors except I-680S exhibit a PMT ratio higher than 1.  (Figure 

23) However, it should be noted that as shown in Figure 19 I-680 has a median flow of 1000

vph, therefore it does meet the minimum HOV guideline.
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Figure 23. PMT Ratio (by Corridor, District 4) 
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5.2.2 District 7 

 Speed

Median speeds of HOV lanes in I-210E and I-405S are slower than those of other routes.  (Figure 

24 and Figure 25) 
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Figure 24. HOV Lane Speed (by Corridor, District 7) 
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Figure 25. GP Lane Speed (by Corridor, District 7) 
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 Flow

Slow speeds on I-210E and I-405S can be explained by the high utilization of these facilities. 

The flows in the HOV and GP lanes in I-210E and I-405S were approximately equal. (Figure 26 

and Figure 27) 
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Figure 26. HOV Lane Flow (by Corridor, District 7) 
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Figure 27. GP Lane Flow (by Corridor, District 7) 
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 Speed Differential

At the corridor-level, vehicle speeds in the HOV lanes were faster than average speeds across the 

GP lanes for more than 75% of the examined samples in all corridors (except I-210E) in District 

7 (Figure 28).  Speeds on I-210E were slower for about 50% of samples. 
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Figure 28. Speed differential (by Corridor, District 7) 

 VMT Ratio

At the corridor-level, about 75% of VMT ratios (representing relative level of utilization by 

vehicles to average across GP lane) in all corridors were below 1, meaning that a HOV lane 

serves fewer vehicle-miles traveled than a GP lane (Figure 29).   

I-105E I-105W I-210E I-405S SR-14N SR-14S



51 

0

1

2

3

4

5

V
M

T 
R

at
io

Figure 29. VMT Ratio (by Corridor, District 7)

 PMT Ratio

At the corridor-level, all the corridors exhibit a PMT ratio higher than 1, meaning that a HOV 

lane serves more person-miles traveled than a GP lane (Figure 30).   

0

1

2

3

4

5

1105E05E,
n=136595

I-I-1105W05W,
n=87781

I-I-2210E10E,
n=99254

I-I-4405S05S,
n=87192 n=3264

SRSR--14S14S,
n=6435

P
M

T 
R

at
io

Figure 30. PMT Ratio (by Corridor, District 7) 
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5.2.3 District 12 

 Speed

Median speeds of HOV lanes are over 45 mph in all corridors in District 12 (See Figure 31) 

while those of the GP lanes are about 30 mph (see Figure 32). 

0

20

40

60

80

100

I-5N I-5S I-405N I-405S SR-55N (Cont) SR-55S SR-57S SR-22E SR-22W SR-55N

Sp
ee

d 
(m

ph
)

I-5N I-5S I-405N I-405S SR-55N 
(Cont) SR-55S SR-57S SR-22E SR-22W SR-55N

Figure 31. HOV Lane Speed (by Corridor, District 12) 
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Figure 32. GP Lane Speed (by Corridor, District 12) 
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 Flow

HOV lane flows are noticeably lower in two of the corridors in District 12, SR-57S and SR-22E, 

while the values in the GP lanes are relatively consistent at around 1500 vph. (Figure 33 and 

Figure 34) 
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Figure 33. HOV Lane Flow (by Corridor, District 12) 
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 Speed Differential

At the corridor-level, vehicle speeds in the HOV lanes were faster than average speeds across the 

GP lanes for more than 75% of the examined samples in all corridors in District 12 (Figure 35).   
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Figure 35. Speed Differential (by Corridor, District 12) 

 VMT Ratio

At the corridor-level, about 75% of VMT ratios (representing relative level of utilization by 

vehicles to average across GP lanes in all corridors were below 1, meaning that a HOV lane 

serves fewer vehicle-miles traveled than a GP lane (Figure 36).   
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Figure 36. VMT ratio (by Corridor, District 12) 

 PMT Ratio

At the corridor-level, about 75% of PMT ratios (representing relative level of utilization by 

people to average across GP lane) in all corridors (except both directions in SR-22) were above 

1, meaning that a HOV lane serves more person-miles traveled than a GP lane (Figure 37).   
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Figure 37. PMT Ratio (by Corridor, District 12) 

I-5N I-5S I-405N I-405S SR-55N 
(Cont) SR-55S SR-57S SR-22E SR-22W SR-55N

I-5N I-5S I-405N I-405S SR-55N 
(Cont) SR-55S SR-57S SR-22E SR-22W SR-55N



56 

5.3 Comparison by District and by Access Type 

This section regroups samples by district and access type. First, collected samples are aggregated 

by district and the box plot for each district is displayed in Figure 38, Figure 39, and Figure 40. 

The “n” under each column in the following charts indicates the number of samples that are 

included in the analysis. Each sample data point is one 5-minute interval sample from one 

detector on any corridor. 

Speed differentials and VMT ratios from all three districts exhibit similar outcomes. However, 

we noted that the PMT ratio in District 4 appeared to be higher that the remaining two districts. 

This is because D4 includes samples from I-80 which imposes an occupancy requirement of 3 or 

more occupants per vehicle while all other routes require 2 or more occupants.  

Figure 38. Speed Differential Comparison by District 

-50

-30

-10

10

30

50

70

D4,
n=412770

D7,
n=420521

D12,
n=550474

S
pe

ed
 D

iff
er

en
tia

l (
m

ph
) 



57 
 

 

 

0

1

2

3

4

5

D4, n=412770 D7, n=420521 D12,
n=550474

VM
T 

R
at

io
 

Figure 39. VMT Ratio Comparison by District 
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Figure 40. PMT Ratio Comparison by District  

As the next step, we regrouped samples into two different categories by access type, continuous 

and limited. The corridors with continuous access are all the corridors in District 4 (except I-80 

in both directions), State Route 22 in both directions, and State Route 55 Northbound, PM 12-18, 

(continuous section). I-80 corridors are excluded in this comparison because the occupancy 

requirement for both directions of I-80 in District 4 is 3 or more and thus, may result in bias 

especially when comparing PMTs between two different access types.  State Route 22 and State 
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Route 55, PM 12-18, are operational for 24 hours. The corridors with limited access are all the 

corridors in District 7 and 12 except State Route 22 and 55.  On State Route 14 both directions 

are operational part-time. Figure 41, Figure 42, and Figure 43 show that there are differences 

between performance measures of the two HOV groups (continuous and limited), even though 

the magnitude of the differences is small.    

Figure 41. Speed Differential Comparison by Access Type 
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Figure 42. VMT Ratio Comparison by Access Type 
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Figure 43. PMT Ratio Comparison by Access Type 

5.4 Statistical Test 

To determine the differences in speed differential, VMT ratio and PMT ratio between different 

types of HOV facilities, statistical tests were performed for data samples from all study corridors. 

A two sample Kolmogorov-Smirnov test was conducted. The null hypothesis, H0, is that the true 

distribution function continuous-access HOV facilities, is equal to the distribution function of 

limited- access ones at the 5% significance level.  

As is shown in Table 5, the test results reveal that all the null hypotheses should be rejected, 

which means that there is a statistically meaningful difference between the distributions of 

performance measures for different access types. 

Table 5. Results of K-S Tests for HOV Lane

Test 

KS  

P-Value

KS  

K-Value

Test 

result 

H0: C=L 

Access 

Type 

Mean Median Sample 

Variance 

Flow_HOV  0 0.0994 rejected 

CON 98.1 101 1012.2

LIM 102.9 105 817.1
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Flow_AGP 

  

 0 

 

0.0449 

 

rejected 

CON 120 121 565.4 

LIM 121.6 124 679.9 

Person 

Flow_HOV  

 

0 

 

0.1053 

 

rejected 

CON 217.3 220.8 523 

LIM 229.4 232.7 428.5 

Person 

Flow_AGP 

  

 0 

 

0.1028 

 

rejected 
CON 130.1 130 698.1 

LIM 134 136.5 867.1 

Speed 

Differential 

0 0.1668 rejected CON 19.1310 19.1079 186.5949 

LIM 13.3293 14.0000 224.1658 

VMT Ratio 
 

0 

 

0.0758 

 

rejected 

CON 0.8382 0.8613 0.0884 

LIM 0.8626 0.8718  0.0369 

PMT Ratio 
0 0.0821 

rejected 
CON 1.7263 1.7727 0.4063 

LIM 1,7424 1.7374 0.1633 

 

5.5 Concluding Remarks on Real-World Data Analysis and Evaluation of 
Performance Measures 

The results as observed from the comparisons between the HOV and GP lanes in all districts can 

be summarized as follows:  

1) HOV lanes generally have a higher traveling speed than GP lanes, as illustrated in Figure 

38 and Figure 41. 

2) The VMT ratio for HOV lanes is generally below 1, indicating that HOV lanes serve 

fewer vehicle-miles than GP lanes, as shown in Figure 39 and Figure 42. 

3) The PMT ratio for HOV lanes is generally above 1, as shown in Figure 40 and Figure 43, 

indicating that HOV lanes carry more person-miles than GP lanes. 

The results for the comparison between continuous and limited access types are summarized 

below. Please note that the compilation of results is based on the inclusion of study sites that 

have been selected for this report. They are representative of operational performance in different 

districts but they do not encompass all HOV facilities. Thus, the evaluation results should be 

considered within the scope of data samples from the selected corridors. 
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1) Continuous- and limited-access HOV lanes offer noticeable levels of speed differentials 

under a majority of operational conditions. This can be seen in Figure 44, in which the 

data were sampled for every 5-minute interval from all qualified conditions when the 

speed of the average general purpose lanes was below 45 mph.  The distribution of speed 

differential is widely dispersed, and the continuous-access type has a higher mean value.  

The thin lines near the center of the figures represent the placement of the mean values.  

 
Figure 44. Speed Differential Distribution (by Access Type) 

2) In Figure 45 and Figure 46, the 5-minute flow distribution of the two access types are 

shown.  As can be seen in Figure 45(a), the overall shapes of distribution curves are very 

similar in HOV lane, but the continuous access has a larger tail at the lower end of the 

curve, which implies that there are slightly more instances of lower flows among the 

continuous-access corridors.  

3) In Figure 46, the 5-minute person-flow distribution of the two access types are shown.  

As can be seen in Figure 46(a) the overall shapes of distribution curves are very similar in 

the HOV lane, but the continuous access has a larger tail at the lower end of the curve, 

which is the result of the same pattern in Figure 44.  
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4) The VMT ratios in both types of HOV access are at comparable levels, which can be 

observed in Figure 47, with mean values roughly the same.  The continuous access has a 

larger tail at the lower end of the distribution curve.  

5) Similarly, the PMT ratios in both types of HOV access are at comparable levels, which 

can be observed in Figure 48, with mean values close to each other.  The continuous 

access has a larger tail at the lower end of the distribution curve. 

 
Figure 47. VMT Ratio Distribution (by Access Type) 

Continuous-access and limited-access configurations offer different operational 

advantages.  For example, the continuous-access configuration provides flexibility for 

flow distribution during HOV non-operational hours. The limited-access configuration, 

on the other hand, provides a clear separation of flows and isolates roadways users 

from frequent lane-changing maneuvers except at designated access areas. At certain 

freeway junction locations, limited-access configurations can also prevent or 

discourage last-second traffic weaving maneuvers so that traffic flows can be safely 

channelized. 
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Figure 48. PMT Ratio Distribution (by Access Type) 

In the context of enforcement against HOV violations, in Southern California, drivers may get 

multiple tickets (HOV lane violations, crossing double yellow lines, and evasion of enforcement) 

for a higher level of total fines when compared to Northern California. This provides a 

deterrence effect.   

This chapter analyzed the detailed performance evaluation for HOV facilities by District, by 

corridor, and by access type using the real-world data. In the next chapter, the before-and-after 

performance of several HOV facilities that have recently undergone conversion from limited- to 

continuous-access operation will be compared using real-world data. 
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